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5 INTERLEUKIN-18 MUTANTS, THEIR PRODUCTION AND USE 

FIELD OF THE INVENTION 

The present invention relates to IL-1 8 mutants having enhanced biological 
1 0 activity with respect to the wild type protein. 

BACKGROUND OF THE INVENTION 

In 1989, an endotoxin-induced serum activity that induced interferon-y (IFN-y) 
obtained from mouse spleen cells was described (Nakamura et aL, 1989). This serum 
1 5 activity functioned not as a direct inducer of IFN-y but rather as a co-stimulant 

together with IL-2, IFN-/, TNF or mitogens. An attempt to purify the activity from 
post-endotoxin mouse serum revealed an apparently homogeneous 50-55 kDa protein 
(Nakamura et aL, 1993). Since other cytokines can act as co-stimulants for IFN-y 
production, the failure of neutralizing antibodies to IL-1, EL-4, IL-5, IL-6, or TNF to 
20 neutralize the serum activity suggested it was a distinct factor. In 1995, the same 

scientists demonstrated that the endotoxin-induced co-stimulant for IFN-y production 
was present in extracts of livers from mice preconditioned with P. acnes (Okamura at 
al., 1995). In this model, the hepatic macrophage population (Kupffer cells) expand 
and in these mice, a low dose of bacterial lipopolysaccharide (LPS), which in non- 
25 preconditioned mice is not lethal, becomes lethal. The factor, named IFN-y -inducing 
factor (IGIF) and later designated interleukin-18 (IL-1 8), was purified to homogeneity 
from 1,200 grams of P. acw&s-treated mouse livers. Degenerate oligonucleotides 
derived from amino acid sequences of purified IL-1 8 were used to clone a murine EL- 
18 cDNA (Okamura et al. 1995). Messenger RNAs for IL-1 8 and interleukin-12 (TL- 
30 12) are readily detected in activated macrophages. IL-1 8 does not induce IFN-y by 
itself, but functions primarily as a co-stimulant with mitogens or IL-1 2. The human 
cDNA sequence for IL-1 8 was reported in 1996 (Figure 1A SEQ ED NO:l). 
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Interleukin EL-18 shares structural features with the EL-1 family of proteins 
(Nakamura et ah, 1993; Okamura et al., 1995; Ushio et al., 1996; Bazan et al., 1996). 
Unlike most other cytokines, which exhibit a four-helix bundle structure, EL-18 and DL-lp 
have an all 0-pleated sheet structure (Tsutsui et al., 1996). Similarly to IL-ip, EL-18 is 
5 synthesised as a biologically inactive precursor (proIL-1 8), lacking a signal peptide 
(Ushio et al., 1996). The EL- 1(3 and EL-18 precursors are cleaved by caspase 1 (IL-ip- 
converting enzyme, or ICE), which cleaves the precursors after an aspartic acid residue in 
the PI position. The resulting mature cytokines are readily released from the cell (Ghayur 
et al., 1997 and Gu et al., 1997). 

1 0 EL-1 8 is a co-stimulant for cytokine production (EFN-y, EL-2 and granulocyte- 

macrophage colony stimulating factor) by T helper type I (Thl) cells (Kohnoet al., 
1997) and also a co-stimulant for FAS ligand-mediated cytotoxicity of murine natural 
killer cell clones (Tsutsui et al., 1996). 

Thl lymphocytes are involved in the immune responses against tumors (Seki 

15 et al., 2000). Thl responses include the secretion of the cytokines EL-2, 1L-12, EL-18 
and IFN-y, as well as the generation of specific cytotoxic T lymphocytes recognizing 
specific tumor antigens. The Thl response is also a vital aim of host defence against 
many microorganisms. However, the Thl response can also be associated with non- 
desirable effects such as the development of several autoimmune diseases, 

20 inflammation and organ transplant rej ection. 

Attempts to express the mature form of DL-18 in E. coli using a vector 
encoding the mature protein did not provide a fully active cytokine. An efficient 
expression system for the generation of the fully biologically active human EL-1 8 has 
been developed for therapeutic uses, e.g. in malignancies, or any condition where 

25 IFN-y induction is desired (WO 00/61768). In this system, the EL-18 precursor 

caspase-1 cleavage site has been changed to a factor Xa site (ICE/Xa), and a vector 
encoding IL-1 8 ICE/Xa precursor was used for transformation of E. coli. Following 
expression of this IL-1 8 precursor in E. coli the mature EL-18 was generated by factor 
Xa cleavage in vifro. This mature IL-1 8 generated by factor Xa cleavage was fully 

30 active. 
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Cytokine binding proteins (soluble cytokine receptors) are usually the 
extracellular ligand binding domains of their respective cell surface cytokine 
receptors. They are produced either by alternative splicing or by proteolytic cleavage 
of the cell surface receptor. These soluble receptors have been described in the past, 
5 for example, the soluble receptors of IL-6 and EFN-y (Novick et al., 1989), TNF 

(Engelmann et al., 1989; Engelmann et al., 1990), IL-1 and IL-4 (Maliszewski et al., 
1990), IFN-o/p (Novick et al., 1994; Novick et al. 1992). One cytokine-binding 
protein, named osteoprotegerin (OPG, also known as osteoclast inhibitory factor- 
OCIF), a member of the TNFR/Fas family, appears to be the first example of a soluble 

10 receptor that exists only as a secreted protein (Anderson et al., 1997; Simonet et al., 
1 997; Yasuda et al., 1 998). 

An IL-1 8 binding protein (IL-1 8BP) was affinity purified, on an IL-1 8 
column, from urine ( Novick et al., 1999). IL-1 8BP abolishes IL-1 8 induction of IFN- 
y and of IL-8, activation of NF-kB in vitro and induction of IFN- in vivo. IL-18BP is 

15 a soluble circulating protein which is constitutively expressed in the spleen, and 

belongs to the immunoglobulin superfamily. The most abundant IL-18BP isoform, 
the spliced variant isoform a, exhibits a high affinity for EL-1 8 with a rapid on-rate 
and a slow off-rate, and a dissociation constant (Kd) of approximately 400 pM (Kim 
etal., 1999). 

20 The residues involved in the interaction of DL-1 8 with IL-1 8BP have been 

described through the use of computer modelling (Kim et al., 1999) and based on the 
interaction of IL-1 with the IL1R type I (Vigers et al., 1997). In the model for IL-18 
binding to the EL-18BP, the Glu residue at position 42 the and Lys residue at position 
89 of IL-18 have been proposed to bind to Lys-130 and Glu-114 in IL-18BP, 

25 respectively (Kim et al., 1999). 

IL-18 is constitutively present in many cells (Puren et al., 1999) and circulates 
in healthy humans (Urushihara et al., 2000). The high affinity of EL-1BP to IL-1 8 as 
well as the high concentration of IL-18BP found in the circulation (20 fold molar 
excess over IL-18), represents a unique situation in cytokine biology. Therefore, 

30 most, if not all, of the IL- 1 8 molecules in the circulation is bound to the EL-1 8BP. 
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The circulating EL-18BP which competes with cell surface receptors for IL-18, may 
act as a natural anti-inflammatory and an immunosuppressive molecule. 

Viral agents encode IL-18BP like proteins, for example, M contagiosum viral 
proteins MC53 and MC54 share a significant homology to mammalian EL-18BP 
5 (Novick et al. 1999). M. contagiosum proteins MC53 and MC54 possess the ability to 
bind and neutralize human IL-1 8 in a fashion similar to that of IL-18B (Xiang and 
Moss, 1999). The ectromelia poxvirus pi 3 protein, which is homologous to EL-18BP, 
binds human IL-1 8 and inhibits its activity in vitro. Mice infected with a pi 3 deletion 
mutant virus exhibited decreased levels of infectivity (Bom et al., 2000). Therefore 

1 0 infectivity degree seems to correlate with the presence of EL- 1 8BP. 

The high levels of circulating IL-1 8BP may represent a natural defence against 
a runaway Thl response to infection and development of autoimmune diseases. 
However, IL-1 8 contributes to the Thl response which is important in host defence 
against tumors. Therefore, IL-18BP may bring about failure of tide host to develop 

1 5 cytotoxic T cells directed against tumor cells. Indeed, there is evidence that IL-1 8 
promotes host defence against tumors in mice. For example, in syngeneic mice, 
murine mammary carcinoma cells expressing murine IL-1 2 or murine IL-18 were less 
tumorigenic and formed tumors more slowly than did control non-expressing cells 
(Coughlin et al., 1998). Antibody neutralisation studies revealed that the antitumor 

20 effects required EFN-y. In another study, systemically administration of IL-18 to 
experimental animals in combination with B16 melanoma expressing B7-1 (CD80) 
resulted in dramatic suppression of melanoma formation, tumor growth, and a 
significant improvement in survival (Cho et al., 2000). 

Cytokines are used as adjuvant to increase the. effectivity of immunotherapy in 

25 cancer. For example, IL-2 is administered for renal cell carcinoma or melanoma 
(Gollob et al., 2000). Often, one important consequence of the treatment with 
cytokines is severe systemic toxicity profiles. Using cytokines, expressed by the 
patient's own tumor or dendritic cells, is a logical solution to the problem. Yet, if IL- 
1 8 will to be used locally, as adjuvant in tumor immunotherapy, the ability of the 

30 constitutive levels of IL-1 8BP to neutralize IL-18 in the local environment would still 
be exerted and consequently its effectivity is greately diminished. 
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The use of non-myeloablative allogeneic transplants, the so-called minj 
transplants, to treat leukaemia and solid tumors is increasingly successful in inducing 
graft-versus-Ieukaemia and graft-versus-tumor reactions (Slavin S., 2000; Slavin et 
al., 2000). Two studies that used either allogeneic peripheral blood stem cells (Childs 
5 et al. 2000) or dendritic cells (Kugler et al., 2000) to treat patients with metastatic 
renal cell carcinoma met a remarkable success. Although these studies need to be 
extended and confirmed, the concept that an ongoing graft-versus-tumor reaction is 
exploitable for immunotherapy in cancer is gaining acceptance (Slavin, 2000). Since 
IL-1 8 appears to be involved in these successful therapeutic approaches, a further 
1 0 improvement may be achieved if the neutralizing effect of IL- 1 8BP can be abolished. 

Mutants of IL-1 8 (IFN-y, inducing factor) are described in EP0845530. The 
described IL-1 8 mutants are molecules in which 1, 2, 3 or all 4 cysteine residues in 
IL-1 8 (Figure IB) were replaced by serine or alanine residues. These mutants 
contained an intact consensus sequence (Figure IB). All the isolated mutants exhibit 
1 5 higher stability than wild type IL-1 8. The degree of stability of the mutants is directly 
proportional to the number of Cys residues replaced in the molecule. EP0845530 is 
silent on the ability of IL- 1 8BP to neutralize these mutants. 

The generation and therapeutic use of fully active IL-1 8 mutants unable to 
bind or bind with low affinity to IL-18BP, is therefore highly advantageous. 

20 

SUMMARY OF THE INVENTION 

The present invention relates to an EL- 1 8 mutant polypeptide, comprising 
mutations in one or more amino acid residues which are involved in its interaction 
with IL-1 8 binding protein. More specifically, the mutations are substitutions, 
25 preferably non-conservative, additions or deletions. The residues mutated in said 

polypeptide may be selected from Glu-42, Ile-85, Met-87, Lys-89, Met-96, Asp-130, 
Lys-132, Pro-143, Met-149, and Leu-189, preferably, Glu-42 and Lys-89. 

In one embodiment, the Glu-42 or Lys-89 or both Glu-42 and Lys-89 are 
replaced with a non-polar amino acid, preferably alanine. 



5 



©OCID: <WO 02101049A2J_> 



WO 02/101049 



PCT/IB02/02344 



In addition, the invention provides for a DNA encoding said polypeptide, 
preferably encoding a polypeptide of SEQ U) NO:3, SEQ ID NO:4, SEQ ID NO:5, 
SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8. 

In one embodiment, DNA encoding SEQ ID NO:6, SEQ ID NO:7, SEQ 
5 ID NO: 8 is fused to a signal peptide, preferably that of the hGH. Moreover, the 
invention also provides a vector comprising said DNA capable of expressing the 
polypeptide encoded by said DNA in an appropriated host cell, e.g. a prokaiyotic or 
eukaryotic host cell. 

In addition, the present invention provides for pharmaceutical compositions 
10 comprising said a polypeptide for the treatment of diseases which are prevented or 
alleviated by Thl responses, preferably for treatment of viral disease or cancer. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1A shows the nucleotide sequence encoding the WT IL-18 precursor 
1 5 and the location of primers used to construct the different mutated IL-1 8 proteins. 
The broad arrow indicates where the mature EL- 18 protein coding sequence begins. 

Figure IB shows the amino acid sequence of the mature IL-1 8. The 
consensus sequence among different species of IL-18 are enclosed in the white boxes. 
The cystidines are underlined. The dark boxes show the residues mutated in IL-1 8 
20 according to this invention. 

Figure 2 shows the schematic representation of the IL-18 mutants according 
to the invention. The His-6 indicates the location of the six histidines fused in the N 
terminus of the IL-18 precursor propiece. The arrow indicates the ICE cleavage site 
as replaced by the factor Xa cleavage site (x). WT indicates the wild-type mature IL- 
25 1 8. E42A indicates Glu-42 to Ala mutation, K89A indicates Lys-89 to Ala mutation 
and E42A/K89A indicates double mutation. On the basis of precursor IxJ WT, three 
IL-18 mutants (E42A, K89A and E42A+K89A) were generated by two step PCR. 

Figure 3 A shows the induction of IFN- in NKO cells by IL-18 WT and 
mutant protein at concentrations shown under the x-axis in Fig. 3B and in the 
30 presence of IL-1 2 (0.5 ng/ml) 
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Figure 3 B shows the induction of IFN- in PBMCs cells by IL-1 8 WT and 
mutant protein at concentrations shown under the x-axis and in the presence of EL-12 
(l.Ong/ml). 

Figure 4 A shows the effect of IL-18BP in IFN- induction by human IL-1 8 
5 WT and mutant protein in NKO cells. Mutants and WT IL-1 8 (30ng/ml) were 

preincubated with IL-18BP at the concentrations indicated under the x-axis (of Fig. 
3B) for 1 h at room temperature and added to NKO cells stimulated with EL-12 ( 0.5 
mg/ml). 

Figure 4 B shows the effect of IL-18BP in IFN- induction by human IL-18 
10 WT and mutant protein in PBMCs cells. Mutants and WT IL-18 (30ng/ml) were 

preincubated with IL-18BP at the concentrations, indicated under the x-axis for 1 h at 
room temperature and added to PBMCs cells stimulated with IL-12 (1.0 mg/ml). 

Figure 5 shows the induction of IL-8 by IL-18 WT and mutant protein. 
PBMCs were incubated with IL-1 8 WT or mutant (30 ng/ml). Polymyxin B (1 g/ml) 
15 was mixed with IL-18 for 30 min before being added to the PBMCs. After 24 h the 
supernatants was removed and assayed for IL-18 concentration by ECL (example 9). 
One out of three experiments is shown. 

DETAILED DESCRIPTION OF THE INVENTION 

20 

The present inventipn relates to an IL-1 8 mutant or its active fragment, or a 
mutein, or any other protein or peptide derivative thereof (IL-1 8M), which is less 
susceptible to neutralization by IL18BP as compared to the wild type (IL-18 WT). 
More specifically, one or more amino acids of the IL-1 8 WT, preferably no more than 

25 30, more preferably up to 10 amino acids, may be replaced with other amino acids, or 
eliminated, or one or more amino acids may be added, preferably no more than 30, 
more preferably up to 10 amino acid in order to generate an active IL-18 mutant 
which is less susceptible to neutralization by IL-1 8BP. Amino acids may be replaced 
by different amino acids the substitutions preferably being non-conservative 

30 substitutions. More specifically, said mutations could be targeted to residues 

predicted to be involved in binding to IL-1 8BP such as Glu-42, Ile-85, Met-87, Lys- 
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89, Met-96, Asp-130, Lys-132, Pro-143, Met-149, and Leu-189, more preferably Glu- 
42 and/or Lys-89 (Kim et al., 1999). 

IL-1 8M may be produced, in eukaryotic or eukaryotic expression systems, 
intracellulary, periplasmic or may be secreted into the medium. The produced EL- 
5 1 8M may be recovered in soluble or insoluble form (inclusion bodies). 

A vector comprising die precursor IL-18M cDNA may be used for expression 
of correct assembled precursor DL-18M in prokaryotic systems. Subsequently the 
mature fully active protein can be generated after cleavage by ICE in vitro. A 
sequence encoding the specific cleavage site for a protease , preferably factor Xa, can 
replace the ICE sequence in the precursor of IL-1 8M. 

An expression vector encoding an effective signal peptide, preferably the 
human growth hormone signal peptide, fused to the cDNA of the mature IL-1 8M may 
be used for eukaryotic expression and secretion. 

The parental IL-1 8 cDNA used for the mutant construction can be selected 
from mouse or human species. 

IL-1 8M can be epitope tagged, preferably with histidine, for convenient 
purification. The recombinant IL-1 8M may be purified by conventional or affinity 
methods. The amount of IL-1 8M produced may be monitored by a specific ELISA. 

IL-1 8M can be used in a pharmaceutical formulation for treatment of diseases 
which are prevented or reduced by Thl responses, more specifically by IL-1 8 
treatment e.g. microorganism infections and cancer. The advantage of using the 
mutant instead of the wild type version of the protein, resides in its resistance to IL- 
18BP neutralization. 

More specifically, IL-18M may be administered systemically or locally as an 
adjuvant for tumor antigens in tumor immunoterapy. 

Tumor cells derived from a patient can be isolated and genetically modified to 
secrete IL-1 8M and re-grafted to the same patient for local vaccination (Coughlin et 
al., 1998). Fusion of the modified tumor cells expressing EL-18M to allogeneic 
dendritic cells (antigen presenting cells) can be carried out to further increase the 
tumor antigenicity and consequently, the anti-tumor response. 
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IL- 1 8M can be administered as an adjuvant in DNA vaccination (Tuting et al., 
1 998). In manner similar to that reported for the use of the cytokines IL-12 and IFN-. 
In this case, transdermal tumor antigen vaccination can be performed by using a gene 
gun. This may result in transfection of resident dendritic cells in the skin with DNA 
5 encoding both tumor antigen and DL- 1 8M. Alternatively, the dendritic cells can be 
engineered ex vivo followed by an adoptive transfer. 

IL-1 8M can be used as an adjuvant in graft versus tumor therapy. Allogeneic 
stem cells can be used to transplant cancer patients. To increase the graft versus 
tumor rejection induced by transplantation of the allogeneic cells, IL-1 8M may be 
1 0 administered systemically or locally, preferably by IL-1 8M expression in genetically 
modified syngeneic dendritic cells or in tumor cells taken from the patient. 

It is to be understood that while the invention has been described in 
conjunction with the preferred specific embodiments thereof that the foregoing 
description as well as the examples that follow are intended to illustrate and not limit 
15 the scope of the invention. Other aspects, advantages and modification within the 
scope of the invention will be apparent to those skilled in the art to which the 
invention pertains. 

EXAMPLES 
20 Example 1 

Construction of vectors for the expression of WT proEL-18 Histidine tag 
fusion protein for cleavage by Factor Xa. In order to generate the correct 
assembled IL-18 in Kcoli, the ICE cleavage site in the precursor of IL-18 was 
replaced by a Xa cleavage site. Subsequently in vitro, cleavage of the IL-18 precursor 
25 by Xa generates therefore the active protein (WO 00/61768). 

The cDNA sequence encoding the human IL-18 precursor (prolL18, gene 
bank accession number D49950, Figure 1) used for generating the expression plasmid 
was isolated as described (Ghayur et al., 1997). 

The replacement of the ICE cleavage site with a Xa cleavage site was achieved 
30 by using 2 PCR reactions (see primers used in Figure 1). PCR reaction 1 : The 

propiece of IL-1 8 cDNA was generated by using the sense primer (Pr 1) containing 
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the EcoRl site located upstream of the ORF, 

5-ATATGAATTCATGGCTGCTGAACCAGTAG, (SEQ ID NO: 1 1) and a reverse 

primer (Pr 2) designed for the ICE site (33-LESD-36) in which 6 nucleotides have 

been changed to encode the factor Xa site (33-IEGR-36), 
5 5-AAAGTAACGTCCTTCGATGTTTTC (SEQ ID NO: 12). The amplified DNA 

fragment encoding the mature 1L-18 was generated by using the sense primer (Pr 3) 

which is complementary to Pr2, 

S'-GAAAACATCGAAGGACGTTACTTT, (SEQ ID NO: 1 3) and the reverse 

primer (Pr 4) containing the Bam HI site downstream of the coding sequence of DL1 8 
1 0 5-ATATGGATCCTAGTCTTCGTTTTGAACAGTG (SEQ ID NO: 14). The 

propiece 108 bp and mature 474 bp IL-18 DNAs were resolved by electrophoresis in 

1% agarose, and eluted by a gel extraction system (GIBCO/ BRL). 

PCR reaction 2: The two DNA fragments obtained in the PCR reaction 1 were 

mixed at a 1 :1 ratio and used together with primers Pr 1 and Pr 4 to generate a 
1 5 complete human IL-1 8 cDNA in which the ICE site is replaced by the factor Xa site 

(ICE/Xa). 

The pro EL-18 (ICE/Xa) cDNA was ligated into the BlueScipt plasmid 
(Stratagene) by EcoRI and BamHI (GIBCO/BRL) restriction sites. This plasmid 
served for sequence confirmation. The predicted amino acid sequence encoded is 
20 shown in SEQ ED NO:2. For E. coli expression, the IL-18 DNA insert was re-ligated 
into the pPROEX HTa vector (GIBCO/BRL) with the use of EcoRI and Xbal sites 
(originating in BlueScript). In this vector, the resulting protein is N-terminal fused to 
a histidine tag. 

25 Example 2 

Construction of the E42A, K89A and E42A/K89A mutants. Mutations in 
IL-1 8 were created in residues predicted to be important for the binding to the 
inhibitor IL-1 8BP( Kim et aL 2000). Three mutants: E42A, K89A, and F-42A/K89A, 
were generated. The mutations were achieved by two PCR reactions, as described in 
30 example 1, using the primers and templates described below (the primers are shown 
in Figure 2). 

10 
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E42 A mutant 

PCR reaction 1- The pair of primes used for preparing the mutant E42A were: 
pair A- Pr 1 (example 1) and the reverse primer (Pr 5) 5'- TAA TTT AGA TGC 
AAG CTT GCC (SEQ ID NO: 15) encoding alanine instead of glutamic acid (E 42), 
5 and PairB the sense primer (Pr 6) 5»-GGC AAG CTT GCA TCT AAA TTA (SEQ 
ID NO: 16) encoding Alanine in exchange for Glutamic acid (GAA to GCA) and the 
reverse primer Pr 4 (example 1), using pro IL-18 (ICE/Xa) as a template in the PCR 
reaction. 

PCR reaction 2: The two DNA fragments obtained in PCR reactions 1 were 
1 0 used as templates for the second PCR reaction using primers Prl and Pr 4. 
K89A mutant 

PCR reaction 1 : The pair of primes used for preparing the mutant K89A were 
pair A Pr l(example 1) and the reverse primer (Pr 7) 5'-CTG GCT ATC TGC ATA 
CAT ACT (SEQ ID NO:17) encoding alanine instead of lysine (K 89), and pairB the 
1 5 sense primer (Pr 8) 5'-AGT ATG TAT GCA GAT AGC CAG (SEQ ID NO: 1 8) 
encoding alanine instead of Lysine (AAA to GCA) with the reverse primer Pr 4 
(Example 1) using pro BL-18 (ICE/Xa) as the template for the first PCR reaction. 

PCR reaction 2: The two DNA fragments obtained in the PCR reaction 1 were 
used as templates for the second PCR reaction using primers Prl and Pr 4 . 
20 E42A/K89 A mutant 

For the double mutation E42A/K89A, the primer used were the same as for the 
preparation of the F-42A mutation and mutant K89A cDNA was vised as the template 
in the reaction. 

Each of the three IL-18 mutated genes were ligated into the BlueScript vector 
25 for sequence confirmation. The predicted amino acid sequence for the precursor EL- 
18 E42A, K89A and E42A/K89A mutants are shown in SEQ ID NO:3> SEQ ID NO:4 
SEQ ID NO:5, respectively. For E. coli expression, each of three EL-18 DNA inserts 
were re-Iigated into the pPROEX HTa vector (GIBCO/BRL) with the use of EcoRI 
and Xbal sites. The resulting protein is N-terminal fused to histidine (Fig. 1). 

30 

Example 3 
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Protein expression and purification. The IL18 mutant precursors were 
expressed in E.coli, affinity purified by virtue of the histidine tag and the respective 
mature molecules were generated by proteolytic cleavage with factor Xa. 

Each of the four pPROEX HTu/IL-18 plasmids (WT and three mutants) was 
5 introduced into competent E. coli cells of the DHQ strain (GIBCO/BRL) and 

expressed as described (11). An overnight culture of 25 ml served as the inoculum for 
a 450 ml of LB culture containing 100 jig/ml ampicillin and grown until it reached a 
cell density of 0.6-1 OD^. Protein expression was induced by treatment with 
isopropylthiogalactoside (TPTG 0,3 mM), and incubation continued at 37°C with 

1 0 shaking for 3 h. The cultured bacteria cells were harvested by centrifugation (5,000 x 
g for 15 min at 4°C), and the pellet was suspended in 30 ml of Talon buffer (50 mM 
NaH 2 P0 4 /20 mM Tris-HCl/100 mM NaCl, pH 8). Cells were lysed by sonication (2 x 
30 s bursts) on ice. The soluble protein was obtained by centrifugation (4,000xg for 30 
min at 4°C) and applied to a 3 ml mini-Talon column (CLONTECH). The Talon 

1 5 column was then washed with 30 bed volumes of Talon buffer and eluted with 6 ml of 
100 mM imidazole in Talon buffer. The eluant was dialyzed against factor Xa buffer 
(20 mM Tris-HCl/150 mM NaCI/2 mM CsC12) at 4°C for 20 h. The 0.2 ml of Talon 
affinity-purified N-terminus His x 6 fusion proIL-1 8 was incubated with 4 p.g of 
factor Xa enzyme (New England Biolabs) for 4 h at room temperature in the presence 

20 of 2 mM phenylmethylsulfonyl fluoride (GIBCO/BRL). The amount ofIL-18 
produced was monitored by a specific ELISA(R&D Systems). The amino acid 
sequence predicted for the mature IL-18 WT, E42A, K89A and E42A/K89A mutants 
are shown in sequences SEQ ID NO:6, SEQ ID NO:7 SEQ ID NO:8, respectively. 

25 Example 4 

Characterization of the E42A, K89A and E42A/K89A EL-18 mutant 
proteins by Western blot The purified IL-18 mutants were subjected to western blot 
analysis with a polyclonal antibody and a monoclonal antibody specific for the 
mature IL-18, 

30 Equal amounts of talon affinity purified precursor and mature protein (after 

cleavage by factor Xa) the WT and mutant IL-18 forms, were resolved by SDS/PAGE 
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(10% acrylamide) under reducing conditions. The proteins were transferred to 
nitrocellulose membranes and then incubated with the primary antibodies (rabbit anti- 
human IL-1 8 polyclonal antibody or monoclonal antibody clone 8-31-4 (IgG2a) 
which were raised against the recombinant mature form of human IL-1 8 (Puren et al., 
5 1999) which also recognize precursor IL-1 8). After 24 h incubation, the 

corresponding second antibody, goat anti-mouse or donkey anti-rabbit IgG peroxidase 
(Jackson Immuno Research), was added and developed by ECL (New England 
Nuclear Life Science Products). 

The staining of proEL-18 by polyclonal rabbit anti-human EL-18 was of equal 
1 0 intensity for the WT and each of the three mutants. Similarly the signals obtained 
with the mature forms of WT and IL-1 8 and each of the three mutants using the 
polyclonal antiserum were of equal intensity. The apparent molecular weigh indicated 
that the different IL-1 8 forms were of the correct size. In contrast, when the 
monoclonal antibody is used, the two mutants K89 A and E42A/ K89A, appear to stain 
1 5 more intensely than the WT and the E42A mutant, suggesting that the affinity of the 
monoclonal antibody is greater for these mutants. These results suggest that mutants 
K89A and E42A/K89A may have a different conformation resulting in higher 
affinity. 

20 Example 5 

Characterization of the biological activity of E42A, K89A and 
E42A/K89A EL-18 mutant proteins. The purified mature forms of IL-18/ICE/Xa 
were analysed for the co-induction of IFN-y in human natural killer cells (NKO 
described in example 8), in PBMCs (described in example 7) and for the induction of 

25 IL-8 in PBMCs. 

IL-1 8 does not induce IFN-y in these cells unless IL-12 (or IL-1 5) is used as a 
co-stimulator. Low concentrations of IL-12 (1-2 ng/ml 12 (PreproTech Rocky Hill, 
NJ)) induce a small amount, of IFN-y, however, treatment with IL-12 together with 
IL- 1 8 greatly augments IFN-y production. IFN-y produced was monitored in the cell 

30 as described in example 9. The induction of IFN-y in NKO cells by WT IL- 

1 8/ICE/Xa and IL-12 was found to be comparable to that induced by recombinant 
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mature human EL-1 8 resulting from ICE processing of proIL-1 8 (Gu et al., 1997 ) and 
IL-12. These results indicate that the EL- 18 was correctly assembled in E. coli and 
correctly processed by factor Xa 

To test the activity of the mutated IL-1 8, the induction of IFN-y production by 
5 stimulation with the mutant or WT EL- 1 8 together with IL-12 was assessed in NKO 
cells (statistical analyses are described in example 10). As shown in Fig. 3 A, WT IL- 
1 8 was active as an inducer of IFN-y , beginning at 7.5 ng/ml and increasing 
progressively up to 60 ng/ml (the highest concentration tested). Each of the three 
mutated EL- 18 forms exhibited biological activity greater than that of WT in these 

1 0 cells. For example, the single mutation E42A was twice as active as the WT form at 
each of the concentrations tested. The single mutation KB9A was four times more 
active than the WT at a concentration of 7.5 ng/ml. The double mutation E2A/K89A 
resulted in the most active IL-1 8. As shown in Fig. 3 A, the E42Ajtnutated EL-18 
induced 600 pg/ml IFNy, the maximal activity observed by pretreatment with 60 

1 5 ng/ml IL-1 8 WT, at a concentration of 30 ng/ml, the K89A mutant at a concentration 
of 1 5 ng/ml and the double mutant at a concentration of 7.5 ng/ml. The mutants 
E42A, K89A and double mutant were therefore 2, 4 and 8 folds more potent than the 
WT, respectively. 

Similar results were observed when IFN-y production was tested in freshly 
20 isolated human PBMCs (example 7). In these cells, the co-stimulation of IL-12 and 
IL-1 8 resulted, in IFN-y, production, whereas neither of the two cytokines alone could 
induce IFNy. The double mutant E42A/ K89A was the most active (Fig. 3B). 

The results indicate that replacement of the two charged amino acids Glu 42 
and/or Lys 89 by Ala residues consistently bring about an increase in the biological 
25 activity of IL-18. 

IL-1 8 is known to induce IL-8 in CD14+ cells in PBMC preparations 
(described in example 7). Although IL-18 induces IL-8 production in these cells 
without the need of IL-12 co-stimulation, the induction of IL-8 requires higher 
concentrations of IL-18 than induction of IFN-y. Induction of IL-8 by IL-18 WT and 
30 mutant stimulation of PBMCs was therefore tested. The IL-8 produced was 

monitored in the cell media by the specific assay described in example 9. Figure 4 
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shows that although the two single mutations were comparable to the WT in the 
induction of IL-8, the double mutated DL-18 induced significantly more IL-8 (3.5 fold) 
than the wild type version. 

These results indicate that the double mutant, E42A/K89A exhibits the highest 
5 biological activity. 

Example 6 

Neutralization off 11-18 mutants by EL-18BP. The mutations were designed 
in residues predicted to be important for IL-1 8 binding by the inhibitor EL-18BP. The 
1 0 ability of IL-1 8BP to neutralize the biological activity of IL-1 8, e.g IFN-y production 
(example 8), was therefore specifically assessed. 

Different concentrations of EL-18BP ("a" isoform of CHO cell produced 
recombinant his-6-tagged human IL-18BP (supplied by Interpharm Laboratories, Ness 
Ziona, Israel Kim et al., 2000)) were pre-incubated with WT IL-1 8 or its mutated 
1 5 forms (30 ng/ml final concentration) and then added to cell cultures. 

As shown in Fig. 4A 5 the 50% inhibitory concentration of IL-18BP for co- 
induction of IFN-y by WT IL-18 from NKO cells was approximately 15 ng/ml 
(assuming that no inhibition occurs at 3.7 ng/ml IL-1 8BP and this value represent 
100% activity). The single mutation of E42A resulted in a similar dose-inhibitory 
20 concentration by IL-18BP. 

However, when the mutant K89A was incubated with EL-18BP, its ability to 
act as a co-inducer of IFN-y in NKO cells was neutralized at a lesser extent (Fig. 5 A). 
Only at a concentration of 120 ng/ml a statistically significant reduction in activity 
could be observed. In contrast, IL-1 8BP failed to neutralize the double IL-1 8 mutant 
25 E42A/K89A. 

As shown in Fig. 4B IL-18 is more sensitive to neutralization by IL-18BP 
when tested in PBMCs rather than NKO cells. The amount of IL-1 8BP needed to 
neutralize WT IL-1 8 was 3.7 ng/ml, the lowest concentration tested. The single 
mutation E42A behaved similarly as WT IL-1 8, as established by the observation that 
30 low concentrations of EL 1 8BP neutralized its biological activity in PBMCs. In 
contrast, the single mutation K89A was neutralized at 120 ng/ml. Similar to the 
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results concerning neutralization of IL-18 mutants by IL-1 8BP in NKO cell, the 
double mutant E42A/ K89A was only slightly affected by IL1 8-BP in PBMCs. 

These results show that the mutant E89A and the double mutant E42A/K89A 
are less affected by the natural inhibitor IL-18BP. 

5 

Example 7 

Isolation and culture of peripheral blood mononuclear cells (PBMCs) and 
induction of BFN-y. Residual leukocytes from platelet plateletpheresis of healthy 
human donors were rinsed from blood tubing and subjected to centrifugation over 

10 Histopaque. PBMCs were aspirated from the interface, washed three times in 

pyrogen-free saline (Baxter Health Care, Mundelein, IL), and resuspended at 5 x 10 6 
cells per ml in RPMI 1640 medium supplemented with 10% FBS (GIBCO/BRL 
Grand Island, NY). The cells were cultured in flat-bottomed 96-well plates (Becton 
Dickinson) with RPMI 1640 medium only (control), varying concentrations of 

1 5 recombinant human IL- 1 8, and WT IL- 1 8 (ICF/Xa) or the three mutants, in the 

presence of 1 ng/ml IL-12. In some experiments, ELI 8 preparations were first mixed 
with polymyxin B (1 jxg/ml purchased from Sigma) before being added to the cells. 
Cells were incubated for 16-20 h at 37°C in humidified air with 5% C0 2 , and the 
- culture supernatant was then collected for IFN-y measurement. 

20 

Example 8 

Induction of IFN-y in NKO Cell Line, The original parental NK92 cell line 
was obtained from Hans Klingerman (Gong et al., 1994). The human NKO cell line 
used in the present studies was a subclone of this cell line. NKO cells were 

25 maintained in supplemented RPMI 1640 medium containing 1 0% FBS and 50 pg/ml 
of EL-2 (R&D Systems) and 200 pg/ml of IL-15 (PeproTech). For assays, NKO sells 
were suspended at 0.5 x 10 6 cells per ml in RPMI 1640 medium and stimulated in 0.2 
ml volumes in 96-well plates with 0.5 ng/ml of IL-12 (PreproTech Rocky Hill, NJ) 
and different concentrations of recombinant human IL-18 WT, IL-18 (ICE/Xa), or 

30 E42A, K89A and E42A/K89A IL-18 mutants. After 16-20 h at 37°C in humidified 
air with 5% C0 2 , the culture supernatant was collected for IFN-y measurement 
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Example 9 

Analysis of Cytokines. The liquid-phase electrochemiluminescence (ECL) 
method was used to measure EFN-y (13) and EL-8 (12) in cell culture media. The 
5 amount of ECL was determined with the use of an Origen Analyzer (Igen, 

Gaithersburg, MD). The limit of detection of IFN-y and IL-8 was 62 pg/ml and 40 
pg/ml, respectively. 

Example 10 

1 0 Statistical analysis. Data are expressed as the mean ± SEM. Group means 

were compared by ANOVA, with the use of Fisher's least significant difference. 
Statistical significance was accepted within 95% confidence limits. ANOVA and 
correlation analyses were performed with the statistical packages STATVIEW 512 
+(Brain Power, Calabasas, CA). 

15 

Example 11 

Production of the mature IL-18 mutants in CHO cells. For expression and 
secretion of mature IL-1 8 mutants in CHO cells, the DNA sequence encoding the 
mature protein of wild type and mutant IL-1 8BP is ligated to the sequence of the 

20 DNA sequence of the signal peptide of human growth hormone (hGH) by two PCR 
reactions similarly to the reactions described in example 1 . The template for the first 
PCR reaction for the amplification of each IL-18 mutant is the corresponding 
construct from example 2 with sense primer (Pr 9) containing overlapping sequences 
of IL-18 and hGH signal peptide and reverse primers (Pr 10) encoding the last 12 

25 nucleotides of the IL-1 8, a stop codon and a site for a restriction enzyme. For the 

amplification of the growth hormone signal peptide the plasmid pXGH is used as the 
template with a sense primer (Pr 1 1) containing a site for a restriction enzyme, the 
first 12 nucleotides of the hGH signal peptide and the reverse primer (Pr 12), 
containing overlapping sequences with the hGH signal peptide and IL-1 8 mature 

30 protein. The templates for the second PCR performed for the amplification of the 

fragment encoding the signal peptide of the hGH fused to the mature sequence of the 
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IL-18, are the purified amplified fragments from the first PCR reaction and the 
primers Pr 1 0 and Pr 1 1 containing the restriction sites. The fusion fragment is 
purified, digested with the appropriate restriction enzymes and cloned into a 
mammalian expression vector. 
5 The plasmids are used for transfecting CHO (DHFR-) cells together with a 

plasmid containing the mouse DHFR gene as a genetic marker. Resistant cells are 
isolated in a selective medium and assayed for IL-1 8 production by an ELISA assay. 

The stably transfected cells are subjected to several cycles of gene amplification 
with increasing concentrations of MTX. At the end of the gene amplification process, 
1 0 clones are isolated by limiting dilution. After subcloning the clone that show high 
specific productivity and grater stability of production is selected for production. 
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CLAIMS 

We claim: 

I . An IL-1S mutant polypeptide, comprising mutations in one or more amino acid 
residues which are involved in its interaction with EL- 18 binding protein. 

5 2. The polypeptide according to claim 1, wherein the mutations are substitutions, 
additions or deletions. 

3. The polypeptide according to claim 2, wherein the substitutions are non- 
conservative. 

4. The polypeptide according to anyone of claims 1, 2 or 3, wherein the mutation 
0 is in a residue selected from a group consisting of Glu-42, Ile-85, Met-87, Lys-89, 

Met-96, Asp-130, Lys-132, Pro-143, Met-149, and Leu-189. 

5. The polypeptide according to claim 4, wherein the mutation is in a residue 
selected from the group consisting of Glu-42 and Lys-89. 

6. The polypeptide according to claim 5, wherein the mutation is in a Glu-42 
5 residue. 

7. The polypeptide according to claim 5, wherein the mutation is in a Lys-89 
residue. 

8. The polypeptide according to claim 5, wherein the mutation is in a Glu-42 
residue and a Lys-89 residue. 

0 9. The polypeptide according to claim 6, wherein the Glu-42 residue is replaced 
with a non-polar amino acid. 

10. The polypeptide according to claim 9, wherein the Glu-42 is replaced with an 
Ala residue. 

I I . The polypeptide according to claim 7, wherein the Lys-89 residue is replaced 
5 with a non-polar amino acid. 

12. The polypeptide according to claim 11, wherein the Lys-89 is replaced with an 
Ala residue. 

13. The polypeptide according to claim 8, wherein both the Glu-42 residue and the 
Lys-89 residues are replaced with a non-polar amino acid. 

0 14. The polypeptide according to claim 13, where both the Glu-42 and the Lys-89 
residues are replaced with an Ala residue. 
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15. An isolated DNA encoding a polypeptide according to any one of claims 1-14. 

16. The DNA according to claim 15, wherein the polypeptide has amino acid 
sequence of SEQ ID NO:3. 

17. The DNA according to claim 15, wherein the polypeptide has amino acid 
5 sequence of encoding the polypeptide of SEQ ED NO:4. 

1 8. The DNA according to claim 15, wherein the polypeptide has amino acid 
sequence of encoding the polypeptide of SEQ ED NO:5. 

19. The DNA according to claim 15, wherein the polypeptide has amino acid 
sequence of encoding the polypeptide of SEQ ID NO:6. 

10 20. The DNA according to claim 15, wherein the polypeptide has amino acid 
sequence of encoding the polypeptide of SEQ ID NO:7. 

21. The DNA according to claim 15, wherein the polypeptide has amino acid 
sequence of encoding the polypeptide of SEQ ED NO:8. 

22. A DNA according to any one of claims 15, 19, 20 and 21 further comprising a 
1 5 nucleic acid sequence encoding a signal peptide. 

23. The DNA according to claim 22, wherein the signal peptide is that of a growth 
hormone. 

24. A vector comprising a DNA according to any one of claims 1 5 to 23 , wherein 
said vector is capable of expressing the polypeptide encoded by said DNA in an 

20 appropriate host cell. 

25. The vector according to claim 24, wherein the host cell is prokaryotic. 

26. The vector according to claim 25, wherein the DNA encodes a polypeptide 
selected from a group consisting of SEQ ID NO:3, SEQ ED NO:4 and SEQ ID 
NO:5. 

25 27. The vector according to claim 24, wherein the host cell is an eukaryotic cell. 

28. The vector according to claim 27, wherein the DNA encodes a polypeptide 
selected from a group consisting of SEQ ID NO:6, SEQ ID NO:7 and SEQ ID 
NO:8. 

29. The vector according to claim 27, comprising DNA according to claim 22 or 
30 23. 
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30. The vector according to claim 28, wherein said DNA is ligated to the sequence 
encoding the human growth hormone signal peptide. 

3 1 . A pharmaceutical composition comprising a polypeptide according to any one 
of claims 1 to 14 and a pharmaceutically acceptable carrier for the treatment of 

5 diseases which are prevented or alleviated by Thl responses. 

32. The pharmaceutical composition according to claim 3 1, for the treatment of 
cancer. 

33. The pharmaceutical composition according to claim 3 1 , for the treatment of 
viral diseases. 
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Prl 

ATGGCTGCTGAACCAGTAGAAGACAATTGCATCAACTTTGTGGCAATGAAATTTATTGAC 

Pr3 



AATACGCTTTACTTTATAGCTGAAGATGATGAAAACCTGGAATCAGATTACTTTGGCAAG 

<4 ~* 



Pr6 Pr2 




CTTGAATCTAAATTATCAGTCATAAGAAATTTGAATGACCAAGTTCTCTTCATTGACCAA 



Pr5 

GGAAATCGGCCTCTATTTGAAGATATGACTGATTCTGACTGTAGAGATAATGCACCCCGG 

Pr8 



ACCATATTTATTATAAGTATGTATAAAGATAGCCAGCCTAGAGGTATGGCTGTAACTATC 
■< ■ , • 



Pr7 



TCTGTGAAGTGTGAGAAAATTTCAACTCTCTCCTGTGAGAACAAAATTATTTCCTTTAAG 
GAAATGAATCCTCCTGATAACATCAAGGATACAAAAAGTGACATCATATTCTTTCAGAGA 
AGTGTCCCAGGACATGATAATAAGATGCAATTTGAATCTTCATCATACGAAGGATACTTT 
CTAGCTTGTGAAAAAGAGAGAGACCTtTTTAAACTCATTTTGAAAAAAGAGGATGAAlTG 



GGGGATAGATCTATAATGTTCACTGTTCAAAACGAAGACTAG [SEQ ID NO- 1] 

*4 

Pr4 



Figure 1 A 
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Tyr Phe Gly Lys Leu gj] Ser Lys Leu Ser Vial, lie Arg Ash Leu Asp 

i : S ' 10 lis 

|Asp Glh Val Leu Pnej lle Asp Gift. Gly Asn, Arg Pro Levi | Phe G lu Asp. I 

2 Q 25 30 " — ' ■ 

Met Thr Asp \ Ser Asp Cys Arg Asp Asn Ala. Pro: Arg Thr He Phe I let 



55 40 .45 

lie Ser Met: JTyr Q^l Asp Ser 1 Gin Pro Arg Gly Met Ala, Val Thr lie 

50 . m~~^ 60 

Ser Val Lys Cys &ut Lys lie ser Thr Leu ser cy& sin Asa Lys; lie* 
65 7 0 75 80 

lie Ser Phe Lys Glu Met Asn Pro Pro Asp Asn lie Lys Asp Thr Lys 

85 m $S 

Ser Asp lie He Phe Phe Gin Arg Ser Val pro Gly His As# Asn Lys 

100 105 110 

Met Gin Phe Glu Ser Ser Ser Tyr Glu Gly Tyr Phe Leu Ala Cys G lu 

115 120 ' .125 

Lys Glu Arg Asp Leu Phe Lys ;Leu lie. Leu Lys Lys Glu Asp: Glu Leu 

130 135 140 

Gly Asp Arg Ser He Met Phe Thr Val Gin Asn Glu Asp, 
145 150 155 

SEQIDNO:2 



Figure 1 B 
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ICE 

(Hi^) | Pro Q WT 



=5 



Pro |x| E42A~ 



K89A 



-(Htefo Pro H E42A+K89A 



Figure 2 
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!L-18(ng/ml) 



Figure 3 
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3.7 7.5 15 30 60 120 
IL-18BPa(ng/ml) 



Figure 4 
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121 




WT E42A K89A E42+K89A 
IL-18 



Figure 5 
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SEQUENCE LISTING 

<110> Ares Trading S.A 
Dinarello, Charles 
Kim, Soo Hyun 

<120> InterLeukin-18 Mutants, Their Production and use 
<130> 475 

<150> 60/274,327 
<151> 2001-03-08 

<160> 18 

<170> Patentln version 3.1 



<210> 1 

<211> 582 

<212> DNA 

<213> Homo sapiens 



<400> 1 
60 



atggctgctg aaccagtaga agacaattgc atcaactttg tggcaatgaa atttattgac 
6 0 

aatacgcttt actttatagc tgaagatgat gaaaacctgg aatcagatta ctttggcaag 

cttgaatcta aattatcagt cataagaaat ttgaatgacc aagttctctt cattgaccaa 

ggaaatcggc ctctatttga agatatgact gattctgact gtagagataa tgcaccccgg 

accatattta ttataagtat gtataaagat agccagccta gaggtatggc tgtaactatc 

tctgtgaagt gtgagaaaat ttcaactctc tcctgtgaga acaaaattat ttcctttaag 

gaaatgaatc ctcctgataa catcaaggat acaaaaagtg acatcatatt ctttcagaga 
420 

agtgtcccag gacatgataa taagatgcaa tttgaatctt catcatacga aggatacttt 
48 0 

Ct 540 tt9tg aaaaagagag a 9 ac cttttt aaactcattt tgaaaaaaga ggatgaattg 

ggggatagat ctataatgtt cactgttcaa aacgaagact ag 
582 
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<210> 2 

<211> 157 

<212> PRT 

<213> Homo sapiens 

<400> 2 

Tyr Phe Gly Lys Leu Glu Ser Lys Leu Ser Val lie Arg Asn Leu Asn 
1 5 10 15 



Asp Gin Val Leu Phe He Asp Gin Gly Asn Arg Pro Leu Phe Glu Asp 
20 25 30 



Met Thr Asp Ser Asp Cys Arg Asp Asn Ala Pro Arg Thr He Phe He 
35 40 45 



He Ser Met Tyr Lys Asp Ser Gin Pro Arg Gly Met Ala Val Thr He 
50 55 60 



Ser Val Lys Cys Glu Lys He Ser Thr Leu Ser Cys Glu Asn Lys He 
65 70 75 ~ 80 



He Ser Phe Lys Glu Met Asn Pro Pro Asp Asn He Lys Asp Thr Lys 

85 90 95 



Ser Asp He He Phe Phe Gin Arg Ser Val Pro Gly His Asp Asn Lys 
100 105 110 



Met Gin Phe Glu Ser Ser Ser Tyr Glu Gly Tyr Phe Leu Ala Cys Glu 
115 120 125 



Lys Glu Arg Asp Leu Phe Lys Leu He Leu Lys Lys Glu Asp Glu Leu 
130 135 140 



Gly Asp Arg Ser He Met Phe Thr Val Gin Asn Glu Asp 

155 



145 


150 


<210> 


3 


<211> 


193 


<212> 


PRT 


<213> 


Artificial Sequence 


<220> 




<223> 


Synthetic PRT Sequence 
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<400> 3 

Met Ala Ala Glu Pro Val Glu Asp Asn Cys lie Asn Phe Val Ala Met 
1 5 10 15 

Lys Phe lie Asp Asn Thr Leu Tyr Phe He Ala Glu Asp Asp Glu Asn 
20 25 30 

He Glu Gly Arg Tyr Phe Gly Lys Leu Ala Ser Lys Leu Ser Val He 
35 40 45 



Arg Asn Leu Asn Asp Gin Val Leu Phe He Asp Gin Gly Asn Arg Pro 
50 55 60 



Leu Phe Glu Asp Met Thr Asp Ser Asp Cys Arg Asp Asn Ala Pro Arg 
65 70 75 80 

Thr He Phe He He Ser Met Tyr Lys Asp Ser Gin Pro Arg Gly Met 

85 90 95 

Ala Val Thr He Ser Val Lys Cys Glu Lys He Ser Thr Leu Ser Cys 
100 105 110 

Glu Asn Lys He He Ser Phe Lys Glu Met Asn Pro Pro Asp Asn He 
115 120 125 

Lys Asp Thr Lys Ser Asp He He Phe Phe Gin Arg Ser Val Pro Gly 
13 ° 135 140 

His Asp Asn Lys Met Gin Phe Glu Ser Ser Ser Tyr Glu Gly Tyr Phe 
145 150 155 160 

Leu Ala Cys Glu Lys Glu Arg Asp Leu Phe Lys Leu He Leu Lys Lys 

165 170 175 

Glu Asp Glu Leu Gly Asp Arg Ser He Met Phe Thr Val Gin Asn Glu 
180 185 190 

Asp 



.02101049A2J.: 



Page 3/13 



WO 02/101049 



PCT/IB02/02344 



<210> 4 
<211> 193 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic PRT Sequence 
<400> 4 

Met Ala Ala Glu Pro Val Glu Asp Asn Cys He Asn Phe Val Ala Met 
15 10 15 



Lys Phe lie Asp Asn Thr Leu Tyr Phe He Ala Glu Asp Asp Glu Asn 
20 25 30 



He Glu Gly Arg Tyr Phe Gly Lys Leu Glu Ser Lys Leu Ser Val He 
35 40 45 



Arg Asn Leu Asn Asp Gin Val Leu Phe He Asp Gin Gly Asn Arg Pro 
50 55 60 



Leu Phe Glu Asp Met Thr Asp Ser Asp Cys Arg Asp Asn Ala Pro Arg 
65 70 75 80 



Thr He Phe He He Ser Met Tyr Ala Asp Ser Gin Pro Arg Gly Met 

85 90 95 



Ala Val Thr He Ser Val Lys Cys Glu Lys He Ser Thr Leu Ser Cys 
100 105 110 



Glu Asn Lys He He Ser Phe Lys Glu Met Asn Pro Pro Asp Asn He 
115 120 125 



Lys Asp Thr Lys Ser Asp He He Phe Phe Gin Arg Ser Val Pro Gly 
130 135 140 



His Asp Asn Lys Met Gin Phe Glu Ser Ser Ser Tyr Glu Gly Tyr Phe 
145 150 155 * 160 



Leu Ala Cys Glu Lys Glu Arg Asp Leu Phe Lys Leu He Leii Lys Lys 

165 170 175 
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Glu Asp Glu Leu Gly Asp Arg Ser He Met Phe Thr Val Gin Asn Glu 
180 185 190 

Asp 



<210> 5 

<211> 193 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic PRT Sequence 

<400> 5 

Met Ala Ala Glu Pro Val Glu Asp Asn Cys He Asn Phe Val Ala Met 
1 5 - 10 15 

Lys Phe He Asp Asn Thr Leu Tyr Phe He Ala Glu Asp Asp Glu Asn 
20 25 30 

He Glu Gly Arg Tyr Phe Gly Lys Leu Ala Ser Lys Leu Ser Val He 
35 40 45 

Arg Asn Leu Asn Asp Gin Val Leu Phe He Asp Gin Gly Asn Arg Pro 
50 55 60 

Leu Phe Glu Asp Met Thr Asp Ser Asp Cys Arg Asp Asn Ala Pro Arg 
65 70 75 so" 

Thr He Phe He He Ser Met Tyr Ala Asp Ser Gin Pro Arg Gly Met 

85 90 95 

Ala Val Thr He Ser Val Lys Cys Glu Lys He . Ser Thr Leu Ser Cys 
100 105 no 

Glu Asn Lys He He Ser Phe Lys Glu Met Asn Pro Pro Asp Asn He 
115 120 125 

Lys Asp Thr Lys Ser Asp He He Phe Phe Gin Arg Ser Val Pro Glv 
130 135 140 
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His Asp Asn Lys Met Gin Phe Glu Ser Ser Ser Tyr Glu Gly Tyr Phe 
145 150 155 160 



Leu Ala Cys Glu Lys Glu A±rg Asp Leu Phe Lys Leu lie Leu Lys Lys 

165 170 175 



Glu Asp Glu Leu Gly Asp Arg Ser lie Met Phe Thr Val Gin Asn Glu 
180 185 190 



Asp 



<210> 6 

<211> 157 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic PRT Sequence 

<400> 6 

Tyr Phe Gly Lys Leu Ala Ser Lys Leu Ser Val lie Arg Asn Leu Asn 
1 5 10 15 » 



Asp Gin Val Leu Phe lie Asp Gin Gly Asn Arg Pro Leu Phe Glu Asp 
20 25 30 



Met Thr Asp Ser Asp Cys Arg Asp Asn Ala Pro Arg Thr lie Phe lie 
35 40 45 



lie Ser Met Tyr Lys Asp Ser Gin Pro Arg Gly Met Ala Val Thr He 
50 55 60 



Ser Val Lys Cys Glu Lys He Ser Thr Leu Ser Cys Glu Asn Lys He 
65 70 75 80 



He Ser Phe Lys Glu Met Asn Pro Pro Asp Asn He Lys Asp Thr Lys 

85 90 95 



Ser Asp He He Phe Phe Gin Arg Ser Val Pro Gly His Asp Asn Lys 
100 105 110 
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Met Gin Phe Glu Ser Ser Ser Tyr Glu Gly Tyr Phe Leu Ala Cys Glu 
115 120 ~ 125 



Lys Glu Arg Asp Leu Phe Lys Leu lie Leu Lys Lys Glu Asp Glu Leu 
130 135 140 



Gly Asp Arg Ser lie Met Phe Thr Val Gin Asn Glu Asp 
145 150 155 



<210> 7 

<211> 157 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic PRT Sequence 

<400> 7 

Tyr Phe Gly Lys Leu Glu Ser Lys Leu Ser Val lie Arg Asn Leu Asn 
1 5 10 15 



Asp Gin Val Leu Phe lie Asp Gin Gly Asn Arg Pro Leu Phe Glu Asp 
20 25 30 



Met Thr Asp Ser Asp Cys Arg Asp Asn Ala Pro Arg Thr lie Phe lie 
35 40 ~ 45 



lie Ser Met Tyr Ala Asp Ser Gin Pro Arg Gly Met Ala Val Thr lie 
50 55 60 



Ser Val Lys Cys Glu Lys lie Ser Thr Leu Ser Cys Glu Asn Lys lie 
65 70 75 ~ 80 



He Ser Phe Lys Glu Met Asn Pro Pro Asp Asn lie Lys Asp Thr Lys 

85 90 ~ 95 



Ser Asp lie He Phe Phe Gin Arg Ser Val Pro Gly His Asp Asn Lys 
100 105 "* 110 



Met Gin Phe Glu Ser Ser Ser Tyr Glu Gly Tyr Phe Leu Ala Cys Glu 
115 120 125 

Page 7/13 



02101049A2J_> 



WO 02/101049 PCT7IB02/02344 



Lys Glu Arg Asp Leu Phe Lys Leu lie Leu Lys Lys Glu Asp Glu Leu 
130 135 140 



Gly Asp Arg Ser lie Met Phe Thr Val Gin Asn Glu Asp 
145 150 155 



<210> 


8 






<211> 


157 






<212> 


PRT 






<213> 


Artificial Sequence 






<220> 








<223> 


Synthetic PRT Sequence 






<400> 


8 






Tyr Phe Gly Lys Leu Ala Ser Lys 


Leu Ser Val 


lie Arg Asn Leu 


1 . 


5 


10 


15 



Asp Gin Val Leu Phe lie Asp Gin Gly Asn Arg Pro Leu Phe Glu Asp 
20 25 30 



Met Thr Asp Ser Asp Cys Arg Asp Asn Ala Pro Arg Thr lie Phe lie 
35 40 45 



lie Ser Met Tyr Ala Asp Ser Gin Pro Arg Gly Met Ala Val Thr He 
50 55 60 



Ser Val Lys Cys Glu Lys He Ser Thr. Leu Ser Cys Glu Asn Lys He 
65 70 75 80 



He Ser Phe Lys Glu Met Asn Pro Pro Asp Asn He Lys Asp Thr Lys 

85 90 35 



Ser Asp He lie Phe Phe Gin Arg Ser Val Pro Gly His Asp Asn Lys 
100 105 110 



Met Gin Phe Glu Ser Ser Ser Tyr Glu Gly Tyr Phe Leu Ala Cys Glu 
115 120 125 



Lys Glu Arg Asp Leu Phe Lys Leu He Leu Lys Lys Glu Asp Glu Leu 
130 135 140 
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Gly Asp Arg Ser lie Met Phe Thr Val Glii Asn Glu Asp 
145 150 155 



<210> 9 

<211> 193 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic PRT Sequence 

<400> 9 

Met Ala Ala Glu Pro Val Glu Asp Asn Cys lie Asn Phe Val Ala Met 
1 5 10 15 



Lys Phe lie Asp Asn Thr Leu Tyr Phe He Ala Glu Asp Asp Glu Asn 
20 25 30 



He Glu Gly Arg Tyr Phe Gly Lys Leu Lys Ser Lys Leu Ser Val He 
35 40 45 



Arg Asn Leu Asn Asp Gin Val Leu Phe He Asp Gin Gly Asn Arg Pro 
50 55 60 



Leu Phe Glu Asp Met Thr Asp Ser Asp Cys Arg Asp Asn Ala Pro Arg 
65 70 75 80 

Thr He Phe He lie Ser Met Tyr Lys Asp Ser Gin Pro Arg Gly Met 

85 90 95 

Ala Val Thr He Ser Val Lys Cys Glu Lys He Ser Thr Leu Ser Cys 
100 105 110 



Glu Asn Lys He He Ser Phe Lys Glu Met Asn Pro Pro Asp Asn He 
115 120 125 



Lys Asp Thr Lys Ser Asp He He Phe Phe Gin Arg Ser Val Pro Gly 
130 135 140 



His Asp Asn Lys Met Gin Phe Glu Ser Ser Ser Tyr Glu Gly Tyr Phe 
145 150 155 160 
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Leu Ala Cys Glu Lys Glu Arg Asp Leu Phe Lys Leu He Leu Lys Lys 

1S5 170 175 



Glu Asp Glu Leu Gly Asp Arg Ser He Met Phe Thr Val Gin Asn Glu 
180 185 190 



Asp 



<210> 10 

<211> 157 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic PRT Sequence 

<400> 10 

Tyr Phe Gly Lys Leu Lys Ser Lys Leu Ser Val He Arg Asn Leu Asn 
1-5 10 15 



Asp Gin Val Leu Phe He Asp Gin Gly Asn Arg Pro Leu Phe Glu Asp 
20 25 30 



Met Thr Asp Ser Asp Cys Arg Asp Asn Ala Pro Arg Thr He Phe He 
35 40 45 



He Ser Met Tyr Lys Asp Ser Gin Pro Arg Gly Met Ala Val Thr He 
50 55 60 



Ser Val Lys Cys Glu Lys He Ser Thr Leu Ser Cys Glu Asn Lys lie 
65 70 75 80 



He Ser Phe Lys Glu Met Asn Pro Pro Asp Asn He Lys Asp Thr Lys 

85 90 95 



Ser Asp He He Phe Phe Gin Arg Ser Val Pro Gly His Asp Asn Lys 
100 105 110 



Met Gin Phe Glu Ser Ser Ser Tyr Glu Gly Tyr Phe Leu Ala Cys Glu 
115 120 125 
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Lys Glu Arg Asp Leu Phe Lys Leu He Leii Lys Lys Glu Asp Glu Leu 
13 0 135 140 

Gly Asp Arg Ser He Met Phe Thr Val Gin Asn Glu Asp 



J. ft 3 


150 


<210> 


11 


<211> 


29 


<212> 


DISTA 


<213> 


Artificial Sequence 


<220> 




<223> 


Synthetic DNA Sequence 


<400> 


11 


atatgaattc atggctgctg aaccagtag 


29 





<210> 


12 


<211> 


24 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


Synthetic DNA Sequence 


<400> 


12 


aaagtaacgt ccttcgatgt tttc 


24 




<210> 


13 


<211> 


24 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


Synthetic DNA Sequence 


<400> 


13 



gaaaacatcg aaggacgtta cttt 
24 



<210> 14 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Synthetic DNA Sequence 
<400> 14 

atatggatcc tagtcttcgt tttgaacagt g 
31 



<210> 15 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA Sequence 

<400> 15 

taatttagat gcaagcttgc c 
21 



<210> 16 

<211> 21 

<212> DNA 

<213> Artificial 



Sequence 



<220> 

<22 3> Synthetic DNA Sequence 
<400> 16 

ggcaagcttg catctaaatt a 
21 



<210> 17 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA Sequence 

<400> 17 

ctggctatct gcatacatac t 
21 



<210> 18 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA Sequence 
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